Nucleotide sequences flanking the translational initiation site were compiled from protozoan nuclear genes and were compared In every protozoan group. The entire 5'-untranslated sequences were very rich In A-and T-resldues, but poor In G-and C-resldues In most protozoan genes except for the flagellated ones.
INTRODUCTION
A 5'-leader sequence of mRNA is well known to play an important role in protein biosynthesis. From the compilation and the analyses of the nucleotide sequences flanking the translational initiation site of nuclear genes, CC£CCATG(G) emerged as the consensus sequence in vertebrates (1) (2) (3) (4) . Recently distinct consensus sequences were found in plants (5) (6) , Drosophila (7) and yeast (8) . These were AACAATGGC, £AA£AJG and £A£A£AATGTCj, respectively. A comparison of these consensus sequences suggested the possibility that such consensus sequences were divergent in every phyla, and that the A-residue at the position -3 was preferentially used in nuclear genes of all eukaryotes. To assess this possibility, I compiled and compared the sequences flanking the translational initiation site of protozoan nuclear genes. The comparison showed that the protozoan genes, except for flagellated ones, had a unique consensus sequence very rich in A-and T-residues. Flagellated protozoan genes have a simple consensus sequence with an A-residue occurring very frequently at position -3. It was a common feature not only in whole protozoans but also in all eukaryotes.
RESULTS AND DISCUSSION

Protozoan Consensus Sequence
Nucleotide sequences listed in the Appendix were collected from the data of complementary and/or genomic DNA sequences including the translational initiation site. A window at 16 bases around the initiation site was analyzed. Several sequences were excluded for which an ambiguity occured regarding the identification of the initiation site. The data sets for Plasmodium, Tetrahymena and Triponosoma contained a number of closely related genes. The sequences chosen for study were those in which the 5'-leaders showed the divergence in at least five positions. If a specific nucleotide was observed at a frequency greater than 50% at a specific position, it was defined as consensus nucleotide. If the sum of the frequencies of two nucleotides was greater than 75% and neither nucleotide met the criteria for a single consensus, they were assigned as co-consensus nucleotides.
The predicted initiation sites were not 5'-proximal ATG in 15 sequences out of 138 ones examined, although 7 sequences out of 15 were excluded because an ambiguity occured regarding the identification of the initiation site. From the frequency distribution of each nucleotide on the sequence surrounding the initiation codon for 131 protozoan nuclear genes, a consensus sequence was proposed according to the definition. However, when the frequency distributions were inspected in every taxonomic group, it was found that the consensus sequence at the positions -4 to -1 was almost the same for sarcodinians, ciliates, and sporozoans (Table 1) , but was distinct from that of flagellates (Table 3 ). The mean values of the A-and T-residue content in the 5'-untranslated leaders were also estimated to be 84.9%, 84.8%, 80.3% and 63.5% for sarcodinians, ciliates, sporozoans and flagellates, respectively, as calculated from the sequence data in the Appendix. Judging from these two results, the whole population was subdivided into two groups: major protozoan group and flagellates. The 5'-leaders for each group were then analyzed.
For the major protozoan group as shown in Table 1 , consensus sequences were obtained in three subgroups: AAAAAAAA-AAAAAATG£NA, l[AftANAANTfr\AAATGg §i; and NTTNT^NAAAAATGA^, in sarcodinians, ciliates and sporozoans, respectively. However, the consensus sequences have some unreliability because they were derived from calculations using small subpopulations. The most conspicuous conserved feature among the three protozoan subgroups was the presence of A-residues with extremely high frequencies of 70-90% at Numbering begins with the A of the ATG codon as position +1; nucleotides 5' to the site are assigned negative numbers. The nucleotides showing a frequency greater than 50% or the sum of the frequency greater than 75% of two nucleotide at a specific position are shown at the bottom of each table as consensus or co-consensus, respectively. Table 2 . Frequency of each nucleotide around non-functionaJ ATG in 5' leader sequences of nuclear genes from the major protozoan group. Data were calculated from the published papers marked by • in the Appendix. These sequences flanking the non-functional ATG were omitted. Numbering of the nucleotide positions and the criteria for consensus were carried out according to Table 1 . Table 3 . Frequency of each nucleotide around the translational starting site in flagellated genes.
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A: G: C: T: Numbering of the nucleotide positions and the criteria for consensus were carried out according to Table 1. the positions -3 to -1, although the compositions of A-residue were 49-65% in the window of the 5'-leader. Both G-and C-residues were found with low frequencies in this window. The compositions of G-residue were smallest values (2 -11%) for all three subgroups. The sequences preceding the short stretch of A-residue diverged among the three subgroups. For sarcodinian, the consensus sequence showed a long homopolymer of A-residues at the positions -13 to -1. The ciliated consensus sequence possessed another short stretch of A-residue at the positions -12 to -7 and two T-residues on each side of the second A-stretch. Sporozoan exhibited a distinct bias in T-residue at the positions -13 to -5, suggesting that the sequence flanking the initiation site could have a potential to form a stem structure by base pairing between the T-residue stretch and the A-residue stretch.
To clarify the specificity of the proposed consensus sequences, the frequency distribution of each nucleotide surrounding the 26 non-functional ATG triplets in the 5'-leader of the genes from the major protozoan group was summarized according to the same criteria described above and compared with those flanking the initiation sites. The composition of A-residue in the 13 positions preceding the non-functional ATG was 33 % which was a lower value than those preceding the initiation site. As shown in Table  2 , each nucleotide appeared to be randomly distributed at most positions of the sequences flanking the non-functional ATG in contrast to those flanking the initiation site. The preference for A-residues was not found at the position -3 to -1. These comparisons revealed that the consensus sequences proposed from the data in Table 1 were significantly specific to the positions surrounding the initiation site.
On the other hand, flagellated genes have a simple consensus sequence, which is foTNNNNANNATGNC ( Table 3 ). The highest occurrence of A-residue (82%) was found at the position -3 in this group. However, the frequency distribution of each nucleotide was approximately random except for the three positions: -9, -3 and +5.
This study could not confirm what feature the consensus sequences have in the highly expressed genes because of the small amount of sequence data in each subgroup.
Comparison of Consensus Sequences within Protozoan Groups
General views in consensus sequence between sarcodinians and ciliates were very similar, although the A-residue bias was stronger at the positions -13 to -4 in sarcodinians than in ciliates. The consensus sequence in sporozoans was similar to that in ciliates, but had a stronger T-residue bias at positions -12 to -6. Strong biases also existed for the first three bases (+4 to +6) downstream of the initiation site. Here, in addition to the A-residue biases for all of the three subgroups, the position +4 showed a high frequency of G-residue for both sarcodinians and ciliates and the position +5 and +6 frequently showed a G-residue and a T-residue, respectively, for both cSiates and sporozoans. These comparisons indicated that ciliates possessed a consensus sequence showing a middle feature between sarcodinians and sporozoans in the downstream as well as the upstream sequence. These comparisons indicated that the three subgroups might diverge from the same origin. Thus, the common feature of the consensus sequence could be proposed to be ffiffiAffiftAAAAATGAN^ as shown from the sum of the requency distribution of the three subgroups ( Table 1 ). The summary of the consensus sequence may prove useful for the identification of a putative initiation site for the major protozoan group.
Recently, the phylogenies of protozoans were examined using small-subunit rRNA genes (9) and large-subunit rRNA genes (10) . This demonstrated that flagellated protozoans diverged from the mainstream of eukaryotic descent at a very early period and the major protozoan groups, ciliates, sarcodinians and sporozoans, emerged later, but before the metazoa-metaphytefungi radiation. The diversity of consensus sequences within protozoans examined in this study might well reflect an evolutionary distance among the taxonomic groups.
Comparison of Consensus Sequences among Protozoan and Other Eukaryotic Groups
Comparison of the consensus sequences for the major protozoan group with those for other eukaryotic groups revealed that A-residue bias in the sequence immediately preceding ATG was common to the sequences for yeast: jA£A£AATGTC£ (8) and for Drosophila: ^AA^ATG (7). The major difference in consensus between the major protozoan group and the above two groups was that the sequences for yeast and Drosophila have significant C-residue biases at the position -4, and -2 or -1. It was also notable that the C-residue biases were more remarkable in vertebrates: CC£CCATG(G) (1) (2) (3) (4) and plants: AACAATGGC (5, 6) . The repetition of G-residue for protozoan genes, which was noticed for vertebrate genes by Kozak (4), could not be detected. It is possible that the 5'-leader with high content of A-and T-residues plays a role specific for lower eukaryotes in translational efficiency. Mutzel et al. (11) noted that such a 5'-leader contained a signal that served for transcription or reinitiation of both transcription and translation. Also it has been suggested that non-histon proteins specific for the A-and the T-polymers play a role for gene packaging and/or gene activation in Dictyostelium (12) . The effect of context on the translational and transcriptional initiation for protozoan genes remains to be clarified experimentally.
Only the A-residue at the position -3 was a common assignment in consensus sequences within protozoans examined in this study. The same position was also highly conserved in the consensus sequences for all investigated eukaryotic groups including vertebrates (1) (2) (3) (4) , plants (5, 6) , Drosophila (7) and yeast (8) . This fact suggests that the A-residue at the position -3 has a most important role in recognition of AUG by translational machineries in all eukaryotic mRNAs. This conception also agreed with the experimental results, reported by Kozak (2) , that purine residues have a potent effect upon translation rates at the position -3 where translation initiation is negatively affected by substitutions of non-consensus nucleotides. It is possible that the assignment of A-residue at position -3 must be read by the 40S ribosomal subunit as a signal to terminate scanning and to initiate protein synthesis at the proper ATG codon (13 
